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Abstract. The energy of foot pressure on footwear is still not used properly and wasted. With
the energy crisis that will occur in the world in the future, the search for renewable new energy
is an interesting research topic. This paper focuses on designing energy harvesting by utilizing
foot pressure on shoes as a source of voltage for a power bank dedicated to farmers in remote
areas. This design is implemented by placing three piezoelectric sensors arranged in parallel on
the back of the heel shoes which have more pressure energy than other places. The
piezoelectric sensor will convert the pressure energy to an electrical voltage of about 3 to 5
Volts depending on the strength of the foot pressure and the number of sensors used. The
resulting voltage will then be stabilized and stored in the power bank in the shoe. Three parallel
piezoelectric sensors can produce a stable voltage of 5 volts, which is very sufficient as a
voltage source for charging a power bank. Difficulties in finding voltage sources for charging
electronic devices while in a remote area or while traveling can be overcome with this system.
1. Introduction
Renewable energy has been a hot issue of the future world in recent years. Various efforts have been
proposed to find alternative energy sources that are sustainable and environmentally friendly for the
better future world [1]. Pressure energy or pounding our feet on shoes is one of the alternative green
energy that has not been utilized properly and wasted [2]. An average human being usually walks for
about 5 to 6 hours a day according to a research done by T. Starner. Starnerhas analyzed various
human activities and found that the heel strike when walking was the most energy source. Falling of
the heel through 5 cm and flexing of the sole during walks can generate a power [3]. By adding a
transducer (a converter of signal to electrical quantities) on the lower back of the heel, the energy of
the foot beat can be converted into voltage. A system was designed by K. A. Potty to generate and
storage electric power in a battery.  The system utilized the heat and pressure experienced by the sole
of a shoe of a person during walking [4].
With increasing applications in smart mobile phones based on Android OS make batteries of the
mobile phones become weak quickly. This condition is becoming a new problem in the use of
Android-based smart phones for activities on the internet and social media. Farmers who are working
in rural areas or travellers who are in adventure away from residential areas usually experience
difficulty to get a power source for charging a battery of their electronic devices. On the other hand,
the power source of the power bank usually depends on electricity generated by electrical companies.
When there is the blackout of the electricity, the power bank does not get the supply voltage from the
electrical companies to be stored. This system was implemented as the solution of the problems.
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In this system design comprises piezoelectric sensors, filter module, and a storage component.
The piezoelectric sensor will convert the pressure energy resulted from pounding feet on shoes to
electric voltage. The resulting voltage ranges from 0.6 Volts to 5 Volts depend on the strength of the
foot beat and number of the used sensors. The output voltages of the sensors will be strengthened and
stabilized according to the voltage parameters of the electronic devices. After filtering process, the
voltage will be transmitted into a battery inside the shoes as a voltage power bank.
2. Pressure Energy on Shoes
Studies related to the pressure energy generated from falling of the heel on a shoe have been widely
practiced. Starner has analyzed and estimated that a person's rapid heel movement, two steps per
second with a 5 cm foot position vertically, can produce a power of 67 Watts [3]. A tranducer that is
widely used as a transducer of pressure energy into electrical voltage is a piezoelectric sensor.
Piezoelectric sensors as a transducer of mechanical energy into electrical energy have been used
previously by Nathan et. al. [1], S. Roundy et. al. [3], Y. C. Shu and I. C. Lien [4], and U. K. Singh
and R. H. Middleton [5]. Of the many existing studies, there has been no real application of the use of
energy wasted from pounding heels on shoes as a source of voltage for power banks and the
transmission of electrical energy generated wirelessly.
When there is an external force that mechanically suppresses the piezoelectric element, this
polarized unit cell shifts and aligns in a regular pattern on the crystal lattice. The discrete dipole effect
that accumulates will generate electrostatic potential between surfaces opposite the element. The
relationship between the force applied and the response of the piezoelectric element depends on three
factors: dimensional structure and geometry, the nature of the piezoelectric material, and the
mechanical or electrical excitation vectors [1].
3. Designing Energy Harvester Using Foot Pressure on Shoe
In this design, several piezoelectric sensors are placed at the bottom of the back of the shoe (between
insole and sole) which has a greater energy pressure. The piezoelectric sensor used is made of ceramic
material. Three sensors are arranged in parallel to get more output voltage. The output voltage will
then be stabilized and stored in a battery that can be recharged as a voltage power bank. The block
diagram of the entire system design is shown in Figure 1.
Figure 1.Block diagram of the designed system
As shown in Figure 1, piezoelectric sensors will generate dc voltage if the strength is given onto the
sensor’s surface. In order to get a higher voltage, the sensors are arranged in parallel. The generated
voltage is not stable, and its stability of the voltage depends on the strength of the pressure on the
sensor surface. A filter or stabilizer component is needed to stabilize the voltage before transmitting
into a power bank through cable or wirelessly. In this stage, the generated voltages are ready to
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recharge a electronic device safety.The implementation of the use of energy pressure on footwear as a
dc voltage source for power banks is carried out in several stages, namely; piezoelectric sensor testing,
amplifier design and testing, filter design and testing, system integration, integrated system testing,
electrical output voltage storage and packaging systems. The complete systematics of the
implementation of this system is illustrated in the following flowchart.
3.1. Piezoelectric Sensor
The piezoelectric sensors have been used in this system are made of ceramic material with a diameter
of 1.2 cm. This sensor can produce voltages between 3 Volts to 5 Volts depending on the position of
the pounding of the foot and the strength of the foot pressure (the pounding). The strong impact of the
foot on the sensor will result in the higher output voltage being released by the sensor. The maximum
voltage generated by the sensor is around 2 Volts. A flat shoe base will put pressure evenly across the
sensor surface, so the output voltage will be optimal. While the surface of the shoe is uneven, causing
the sensor surface pressure to be uneven, the effect of the output voltage is not optimal. So the sensor
output voltage on the flat surface of the shoe is greater than the voltage on the uneven footwear
surface. Fig 2 shows the ceramic piezoelectric sensors used in this system and its location inside the
shoe.
Figure 2.Ceramic piezoelectric sensor and its location in the shoe
3.2. Amplifier Circuit
Battery voltage specifications for electronic devices, especially cellphones, usually use around 3.3 V
to 3.7 V. The battery will start charging if the voltage source entering the battery is greater than the
battery voltage specification. Because a piezoelectric (piezogenerator) sensor strung together in a shoe
can produce a voltage of around 5 Volts, the voltage amplifier circuit in this designed system can be
ignored.
3.3. Filter and Stabilizer
Theoutput voltage from a less stable power bank might cause the charged mobile phone will be
damaged faster, therefore a filter circuit is needed to stabilize the generated output voltage.As shown
in Figure. 3, the stabilizer circuit is used to limit the voltage that will enter the rechargeable battery
that functions as a power bank. The stabilizer circuit has several components such as zener diodes,
resistors and capacitors. The zener diode will limit the output voltage by 3.9 volts, which means that
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any higher input voltage will be stabilized to 3.9 Volts. Resistors are used as loads and capacitors as
the main component in the filter circuit serves to reduce the ripple voltage that arises so that the
resulting voltage becomes more stable and safe for electronic equipment that is being charged. Zener
diode components and resistors can be ignored to simplify the filter.
Figure 3.Stabilizer and filter circuit
3.4. Transmission Circuit Module
After the piezoelectric sensor output voltage through the filter circuit, the voltage will be sent to the
battery that is functioned as a power bank via cable. Wireless transmission of wireless (electronic
charging) to electronic devices can be done by adding a wireless transmission circuit before the
filtering process. The process of transmitting voltage generated by sensors wirelessly will not be
discussed in this paper.
3.5. Power Bank System
The battery used in this system is a baterry power bank that can be recharged. Until now, efforts to
find batteries that are more efficient, smaller in size and better performance are still being carried out.
Because the time required for the charging process is still very slow, a current amplifier circuit is
needed to increase the current flow from the voltage generated.
4. Discussion
There are several types of piezoelectric sensors on the market depending on the material used and its
size. The system is designed using piezoeletric sensors made from ceramic because it is easy to get on
the market, the price is affordable and the quality is quite good. In terms of sensor size, the system has
been made using a size of 3.5 cm and 1.2 cm. After testing and comparing the two sensors of different
sizes, the piezoelectric ceramic sensor with a size of 1.2 shows better stability and produces a greater
dc voltage.
Combinational circuit analysis of piezoelectric sensors is done because it will have an effect on
the dc voltage generated. Some piezoelectric sensors arranged in parallel produce an output voltage
that is larger and more stable than when arranged in series.
4.1. Testing of Piezoelectric Sensors
In order to obtain more accurate data, testing of piezoelectric sensors in parallel, series and
combinational circuits has been carried out using an arduino microcontroller that is used as a data
recorder. The position of the sensor is placed and glued to the shoe insole when the voltage data
collection process is carried out. Thus the voltage data generated from the foot pressure on the shoe
will be more precise. Voltage data from the test results are shown in the following figures.
Figure 4 shows the results of testing the output voltage when piezoelectric sensors are installed
in series. The voltage measurement results indicate voltage fluctuations ranging between 1 volt and 5
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volts. The fluctuations that occur indicate the instability of the sensor system when assembled in
series.
Figure 4.The generated voltages of piezoelectric sensors in series
This condition is very different when piezoelectric sensors are installed in parallel as shown in Figure
5. Voltage data is obtained when parallel coupled sensors are much more stable with small and
negligible voltage fluctuations. This also shows that piezoelectric sensors tend to be more capacitive.
Figure 5.The generated voltages of piezoelectric sensors in parallel
4.2. Integration System and Testing
System integration will be carried out after testing all supporting components is completed. At this
stage sometimes problems often arise such as output that is not in accordance with the test before
integration, the cabling is less powerful and so on. Stages after system integration are testing systems
that have been integrated. This test is conducted to ensure the system runs as expected after it is




Figure 6.Integration of the sensors into the shoe
5. Conclusions
The design of energy harvester system based on foot pressure on shoes has been successfully
implemented. This system is designed using a piezoelectric sensor that converts the pressure energy to
dc voltage. The nature of the material from a piezoelectric sensor which is more capacitive will
produce a greater voltage in a parallel position. Three piezoelectric sensors arranged in parallel are
placed on the shoe insole to get maximum foot pressure. The piezoelectric parallel circuit output
voltage is also more stable than the output voltage of the serial circuit which fluctuates between 1 volt
to 5 volts. The output voltage will then be stabilized and stored in a battery that can be recharged as a
power bank. With this system, farmers or travelers will be helped when they are in a remote area
without electricity to recharge the electronic device batteries.
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